Abstract Macro-and meiobenthos contribute substantially to the diversity of marine habitats and should account for a significant fraction of the diversity in coral reefs. The aims of the present study are to characterize macro-and meiobenthic communities in a Caribbean coral reef and to analyze the effects of habitat type on the α-, β-, and γ-diversity of freeliving nematodes. Two reef sites with four habitat types each were selected: seagrass bed, bare sand, coral rubble, and algal turf. Habitats within sites were adjacent to each other and characterized by their physical architecture, hydrodynamic regime, and foundation species. The diversity of marine communities was high, with eight phyla represented in the macrobenthos and 18 phyla in the meiobenthos. The structure of macrobenthos was strongly associated with the habitat type. This relationship was weaker for meiobenthos, which is likely related to ecological drift, hydrodynamic regime, and macrobenthic influence. The nematode species richness was high at both studied scales: α-diversity ranged from 31 to 83 species per habitat and γ-diversity for the whole reef was 156 ± 4 species. The nematode assemblages consisted of few dominant and many rare species, which is typical of hyperdiverse faunas. The β-diversity was large in the reef with few shared species and the presence of distinctive nematode assemblages adapted to the physical architecture and food availability of each habitat. The results imply that the physical structure and heterogeneity of the coral reef habitats are important for maintaining the high diversity of small invertebrates, especially regarding the richness and turnover of nematode species.
Introduction
Coral reefs are marine tropical ecosystems characterized by complex biological interactions, high diversity and productivity, and high spatial heterogeneity associated with different habitats (Bertness et al. 2014) . Therefore, it is expected that habitat and spatial scale partially control the diversity and abundance of benthic communities in coral reefs. Most of the diversity studies in coral reefs are about large sessile invertebrates (e.g., corals and sponges) and algae and fishes (e.g., Gittenberger et al. 2015; Caballero-Aragón et al. 2016; Nash et al. 2016 ). Although recently a study was published on the diversity of relatively large mobile invertebrates in a Caribbean reef area (Netchy et al. 2016) , comparatively little is known about the diversity and distribution of small invertebrates associated with the benthos. The study of the distribution and diversity patterns of macro-and meiobenthos may provide insights on the role of small invertebrates in the functional processes of coral reefs, such as energy flows and resilience (Alongi 1989; Nacorda and Yap 1996) .
Benthic animals vary greatly in size, which may dictate important ecological relationships among groups. Animals associated with the seabed are classified operationally into four groups based on the size of the mesh used to retain them: bacteria and microbenthos (<45 or 63 μm), meiobenthos
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(45/63-500 μm), macrobenthos (500-5000 μm), and megabenthos (>5000 μm) (Giere 2009; Gray and Elliott 2009) . The macrobenthos comprises a wide array of organisms, such as polychaetes, crustaceans, echinoderms, and mollusks, which exert control on smaller benthic communities. It happens through at least two key processes: predation on micro-and meiobenthos and bioturbation by deposit feeders that facilitate the reworking of sediments (Gray and Elliott 2009) . As such, macrobenthos may be able to drive the community dynamics of smaller meiobenthic species (Ólafsson 2003; Bouchet et al. 2009 ).
The meiobenthos comprises a phyletically diverse community of small-bodied metazoans and large protozoa that successfully exploit the interstitial environment (Giere 2009 ). Nematodes are usually the most abundant metazoan taxon within the meiobenthos and copepods rank second (Hicks and Coull 1983; Heip et al. 1985) . Meiobenthic organisms significantly contribute to carbon processing, recycling of nutrients, and play an important role in benthic trophic webs as a link between organic detritus and larger animals (Alongi 1989; Boucher and Clavier 1990; Giere 2009 ).
There are several studies about diversity in coral reefs focusing on macrobenthos (e.g., Klumpp et al. 1988; Riddle 1988; Frouin and Hutchings 2001) , meiobenthos (e.g., Guzmán et al. 1987; St. John et al. 1989; Ansari and Parulekar 1994; Gamenick and Giere 1994; de Jesús-Navarrete 2007; Raes et al. 2007; Semprucci et al. 2014) , and, occasionally, both communities together (e.g., Alongi 1989; Netto et al. 1999a, b) . Most of these studies highlighted the importance of the habitat type and hydrodynamic regime as controls of the structure of benthic communities in coral reefs. However, environmental heterogeneity in coral reefs hampers the comparison among benthic habitats with different substrates: vegetated soft bottoms (e.g., seagrass, seaweeds), coral debris (e.g., sand, rubble), and hard substrate (e.g., biofilm, algal turf). There are few studies comparing three or more of such habitats within a coral reef ecosystem (e.g., De Gheerardyn et al. 2008) .
The Cuban archipelago, in the western Caribbean Sea, has several large coral reef systems with conditions ranging from impacted in the vicinity of coastal cities to less disturbed within marine protected areas. Well-protected coral reefs are supposed to harbor a high biological diversity of smaller benthic species (Roberts et al. 2002) , but they are poorly documented across the Caribbean. In the last four decades, few studies have been published about diversity and distribution in Cuban coral reefs of macrobenthos (Gómez et al. 1980; Ibarzábal 1985) and meiobenthos (López-Cánovas and Lalana 2001; Armenteros et al. 2009 Armenteros et al. , 2012 .
Mechanisms maintaining the diversity of small invertebrates in coral reefs are poorly understood and even the species richness of macro-and meiobenthos remains largely undescribed for many regions (Curini-Galletti et al. 2012; Fontaneto et al. 2015) . Furthermore, the phylum Nematoda is one of the groups with high uncertainty regarding its global species richness, and it is estimated that only 19 % of the extant species have been discovered (Appeltans et al. 2012) . We address this knowledge gap using the framework of biodiversity theory and provide novel data on richness and occurrence of taxa in coral reefs.
The goal of this study was to analyze the distribution and diversity patterns in macro-and meiobenthic communities in several habitats within a protected coral reef. We chose two coral reef sites within the National Marine Park Punta Francés to evaluate the effect of spatial scale on the diversity patterns across habitats. The reef system shows differences among habitats mainly determined by foundation species (Turtle grass Thalassia testudinum and Elkhorn coral Acropora palmata), degradation of dead coral, and wave exposure. These differences have not been quantified rigorously but we have recognized them based on several years of scientific diving in this reef.
We related spatial scale with diversity by the use of three components: local (α-diversity) and landscape (γ-diversity) species inventories, combined with diversity differentiation (β-diversity or turnover species) (Whittaker et al. 2001; Magurran and McGill 2011) . More specifically, the objectives of our study were: (i) to characterize the abundance and diversity of macro-and meiobenthic communities in four habitats in a coral reef system and (ii) to analyze the effects of habitat type on species inventory at two spatial scales (α-diversity and γ-diversity) and diversity differentiation (β-diversity) of free-living nematodes, as the most common taxon in the meiobenthos.
Materials and methods

Study sites
Punta Frances is a National Marine Park located at the southwestern tip of the Isle of Youth (Cuban archipelago, Caribbean Sea). It is characterized by submerged coral reefs with the typical geomorphology of the coastal reefs: shallow lagoon with seagrass beds, crest of Acropora palmata, and fore reef ended in a drop-off. The oceanographic regime is typical of Caribbean coral reef ecosystems in the wet season, with an average dissolved oxygen of 6-7 mg L −1 , salinity of 35-36 ppt, and temperature of 28°C. A clear visibility (up to 25 m) suggests an intense hydrodynamic regime and oligotrophic conditions. Large reef fishes (e.g., sharks and groupers) are scarce due to a history of illegal fishing in the region. We studied two sites within the park separated by approximately 800 m within the reef system: Punta Francés (21°36′ N, 83°03′W) and Cabezo de Moya (21°36′N, 83°10′W). At each site, four habitats were sampled: seagrass bed (SB), bare sand (BS), coral rubble (CR), and algal turf (AT) (Fig. 1) . The main features of the habitats are:
Seagrass bed (SB) Located in the reef lagoon with depths ranging from 0.5 to 3 m. The substrate was mostly composed of fine sand and mud. The percentage of carbon in the sediment was relatively high at 5.7 ± 0.3 % (loss by ignition at 550°C, N = 4). Marine vegetation consisted of the vascular plants Syringodium filiforme and Thalassia testudinum, as well as seaweeds of the genera Anadyomene, Caulerpa, Dasycladus, Dictyosphaeria, Halimeda, Lobophora, Padina, Penicillus, and Udotea. The most conspicuous invertebrates were the sea urchins Lytechinus variegatus and Meoma ventricosa, and the gastropod Lobatus gigas (Queen Conch).
Bare sand (BS) Located between the lagoon and the reef crest, there was a fringe of ∼10 m wide of unvegetated coralline sand deposited on rocky substrate. The vertical thickness of the sand layer fluctuated between 4 and 12 cm. Water depth varied between 2 and 3 m. The percentage of carbon in sediment was relatively high at 5.2 ± 0.2 % (loss by ignition at 550°C, N = 4). There were isolated coral patches with colonies of the genera Porites, Agaricia, Montastraea, and Diploria.
Coral rubble (CR) The habitat consisted of piles of dead coral fragments of various sizes and types (mostly Acropora cervicornis) stacked on depressions in the bottom. These piles were usually located at the border between the bare sand and the reef crest. Coral fragments were usually covered by a thin layer of epilithic algae. This habitat has also been termed broadly as coral degradation habitat (e.g., De Troch et al. 2008) . Small fishes (e.g., Stegastes spp.) were common on these piles.
Algal turf (AT) Located immediately shoreward of the reef crest (mostly consisting of Acropora palmata and Millepora complanata), comprised of hard bottom covered by seaweeds, and depth ranged from 0.5 to 3 m. There was a more intense hydrodynamic regime compared to previous habitats because of wave turbulence created in the vicinity of the reef crest. Turfs of filamentous algae were abundant, the most common genera of seaweeds were Galaxaura, Jania, Lobophora, Padina, Sargassum, and Stypopodium.
Sampling
Sampling was performed using SCUBA diving at two sites within the coral reef system in June 2010: Punta Francés (PF) and Cabezo de Moya (CM). The sampling followed a bifactorial nested design with the factor Bhabitat^fixed at four levels (SB, BS, CR, and AT) nested within the factor Bsiter andom at two levels (PF and CM). There were four replicates taken at random in each combination of habitat × site, except for two replicates in the algal turf in CM due to bad weather conditions.
The type of sampling varied according to the type of substrate at each habitat. Unconsolidated substrates (seagrass bed Fig. 1 Photos of the four studied habitats within the coral reef system Punta Francés and bare sand) were sampled with a plastic corer made from a syringe with the end cut off and inner diameter 3.6 cm. The corer was pushed into the sediment to collect a column 10 cm in height. Algal turf was sampled using a piece of PVC pipe of 10.6 cm inner diameter with side windows covered by 38 μm mesh size. The sampler was placed on the substrate, sealing the sides with a neoprene strip to allow the device to accommodate the irregularities of the substrate. The turf within the core was gently scratched by hand through the windows and kept inside the pipe, preventing any material from escaping. Coral rubble was sampled using a plastic quadrant of 10 × 10 cm randomly placed on piles of dead coral fragments. All fragments within the quadrant were carefully extracted and placed in jars to be transported to the surface.
Sample processing and identification
In seagrass beds and bare sand habitats, the macro-and meiobenthos were separated of the sediment using the method of stirring and decantation (Pfannkuche and Thiel 1988) . The samples were mixed with filtered water, stirred gently, and the supernatant was poured onto a column of sieves of 500 and 45 μm. This procedure was repeated ten times. The fractions retained on the sieves of 500 and 45 μm were considered macro-and meiobenthos, respectively. In coral rubble and algal turf habitats, the macro-and meiobenthos were separated by rinsing the coral and algal fragments, respectively, with filtered water on the nested column of sieves. The retained material was independently stored in 90 % ethanol like the rest of the samples. The fractions retained in the sieves were stained with 4-5 drops of Rose Bengal to enhance the sorting of specimens.
Samples were examined under a stereomicroscope (56-110×) through a counting chamber. All specimens of the macro-and meiobenthos were counted and identified to a high taxonomic level (i.e., Amphipoda, Copepoda, Nematoda, and Polychaeta). In the case of nematodes, specimens of the macro-and meiobenthic fractions were combined. The first 300 nematodes from each replicate were randomly collected and mounted onto slides using the formalin-ethanol-glycerol technique of Seinhorst, as described by Vincx (1996) . The identification of nematode species was done through an Olympus optical microscope CX31 with maximum magnification of 1000×. The taxonomic literature is comprised mostly of the pictorial keys by Tarjan (1980) , Warwick et al. (1998) , and the literature mentioned in the World Register of Marine Species (WoRMS Editorial Board 2016), which contains the original description of many species of free-living nematodes.
Data analysis
Matrices of density of taxon × sample were built to analyze differences between habitat types and sites for macro-and meiobenthos. For the estimation of the observed taxon richness, all four replicates (two in one case) were summed to capture a robust representation of the diversity for each combination of habitat × site. For the estimation of the density of individuals, the four replicates were averaged. For nematode species, the matrix of counts was obtained from the processing of an arbitrary number of specimens (ca. 300 per replicate). So, analysis of the nematode abundance at species levels was biased and, in consequence, avoided. Averages and graphs were produced with the software STATISTICA 7.0.
The patterns of abundance and distribution among habitats were visualized through an ordination by non-metric multidimensional scaling (nMDS). Similarity matrices were based on the Bray-Curtis (BC) similarity index and used to construct the nMDS plots of the samples to display similarity patterns. To determine the nematode species contribution to the similarity within habitat, the procedure SIMPER in the software PRIMER 6.1.15 (Clarke and Gorley 2006) was used.
A permutational analysis of variance (PERMANOVA) was used to assess the amount of variance explained by the factors (Anderson et al. 2008) . The estimation of the component of variation (ECV) was used as an indicator of the magnitude of effects associated to each factor and the residual. Null hypothesis significance tests have very limited usefulness for addressing ecological problems (Gerrodette 2011 ) and, in consequence, they were not applied. The PERMANOVA procedure was based on 999 permutations to generate the sampling distribution, the Euclidean distance for univariate density data, and the BC index for multivariate data.
The nematode species matrix was used in the diversity analyses using the software EstimateS 9.1.0 (Colwell 2013) . For these analyses, all four replicates were summed to capture a robust representation of the diversity for each combination of habitat × site. Accumulation curves of observed species richness versus sampled individuals were built using 100 permutations. The technique of rarefaction was applied to compare the species richness at the same level of abundance for each habitat or site. The number of individuals for the rarefaction was chosen based on the less abundant sample (400 individuals). The estimates of β-diversity were obtained using the complement of the BC similarity index (i.e., 1 − BC). 1 − BC gives a maximum value of 1 when no species are shared between two samples (i.e., maximum β-diversity) and a minimum value of 0 when the list of species and their abundance is exactly the same between two samples.
Results
Macrobenthos
We identified 1467 macrobenthic organisms belonging to 21 taxa (in order of abundance): Ostracoda, Polychaeta, Gastropoda, Amphipoda, Nematoda, Cumacea, Tanaidacea, C o p e p o d a , I s o p o d a , O l i g o c h a e t a , D e c a p o d a , Polyplacophora, Pycnogonida, Sipuncula, Bivalvia, Nudibranchia, Ophiuroidea, Chaetognatha, Cephalochordata, Holothuroidea, and Echinoidea (Supplementary data S1). The first 12 taxa were the most representative, constituting 84 % of the total abundance (i.e., all replicates summed). The rest of the taxa were considered rare and grouped as Bother macrobenthos^.
The community composition in terms of macrobenthic taxa varied largely between habitat types and much less between sites belonging to a same habitat (Fig. 2a) . The order of habitats based on the richness of macrobenthic taxa (S) was coral rubble (S = 19), algal turf (S = 14), seagrass bed (S = 11), and bare sand (S = 7).
The density of individuals was affected twice as much by the habitat type than by the site ( Table 1 ). The averaged density over all replicates was 96 ± 68 ind. 100 cm −2 (range: 0-257 ind. 100 cm −2 ); one replicate was defaunated of macrobenthos. The density varied notably across habitats and sites (Fig. 2a ), but algal turf had lower density (36 ± 12 ind. 100 cm
) when compared with the average of the other combined habitats (81 ± 62 ind. 100 cm
−2
). The effects of the habitat type on the multivariate structure of macrobenthos was four times larger than the effects of the site (Table 1) . Multivariate community structure varied largely according to the habitat type, with samples from algal turf separated from the other three habitats (Fig. 2b) . The pattern of the samples in the ordination were influenced by both differences in the taxon composition and the abundance.
Meiobenthos
We identified 55,215 meiobenthic organisms belonging to 32 taxa; ten taxa constituted 90 % of the total abundance (i.e., all replicates summed). The rank of abundance was: Nematoda (35 %), Copepoda (29 %), Polychaeta (13 %), Ostracoda (12 %), Halacaroidea, Gastropoda, Oligochaeta, Copepoda (nauplii), and Isopoda (Supplementary data S2) . The remaining 22 taxa were grouped as Bother meiobenthos^.
The community composition in terms of meiobenthic taxa varied between habitats but also between sites (Fig. 3a) . The order of habitats based on the richness of meiobenthic taxa (S) was coral rubble (S = 24), algal turf (S = 22), bare sand (S = 19), and seagrass bed (S = 17).
The density of individuals was similarly affected by the habitat type and the site based on the components of variance ), while seagrass bed exhibited the highest (1032 ± 534 ind. 10 cm −2 ) in the CM site. Except for seagrass beds, the abundance of the meiobenthos was higher in Punta Francés than in Cabezo de Moya.
The magnitude of the effect showed a larger effect of habitat when compared to site for the multivariate structure of the meiobenthos (Table 1) . Samples of meiobenthic communities showed a weak pattern of clustering by habitat based on the multivariate structure (Fig. 3b) . The differences in the structure of communities may be caused more by differences in abundance than in taxon composition.
Nematodes
We counted 19,364 nematodes (all replicates summed) belonging to both fractions of size (macro-and meiobenthos). From this set, we identified 7903 nematodes belonging to 156 species (Supplementary data S3). The four most common nematode taxa (e.g., Desmodora pontica, Epsilonema spp., Euchromadora vulgaris, and Tricoma spp.) made up 43 % of the total abundance (all replicates summed).
The observed species richness of nematodes varied across habitats and sites (Table 2) . Therefore, we compared the species richness using rarefaction curves with a value of abundance of 400 individuals. We found that α-diversity across habitats differed between sites (Fig. 4a) . Seagrass bed and bare sand at PF had the highest species richness, followed by algal turf and a minimum value in coral rubble. For CM, seagrass bed showed the highest richness but the lowest occurred in bare sand, while the other two habitats had intermediate and similar values.
The observed species richness for the whole reef system (γ-diversity) was 156 ± 4 species. The rare species contributed strongly to the species richness; namely, 44 singleton and 31 doubleton species.
The diversity differentiation between pairs of habitats (β-diversity) was relatively high and changed similarly in both sites, but CM showed higher values than PF (Fig. 4b) . The lowest differentiation occurred in the pair of assemblages living on coral rubble and algal turf (1 − BC ca. 0.5), followed by the pair of assemblages living on seagrass beds and bare sand (1 − BC ca. 0.6). The highest differentiation occurred in soft bottoms (i.e., seagrass bed and bare sand) when compared to coral rubble. The relatively high levels of diversity differentiation were consistent with the low percentage (usually <30 %) of shared species between habitats (Table 3) .
The nMDS ordination indicated clear differences in the assemblage composition between the habitats of unconsolidated bottoms (seagrass bed and bare sand) and those of hard substrate (coral rubble and algal turf). The assemblages living in the seagrass bed and bare sand flats had a large variability in the species composition and abundance, while nematodes living on hard substrates were clustered (Fig. 4c) .
The SIMPER procedure allowed to identify the species that contribute the most to the similarity among replicates within a group, i.e., those nematode species characteristic of a particular habitat (Supplementary data S3). Our results suggest that there were a few widely distributed species occurring in all habitats (e.g., Chromadorella filiformis, Desmodora pontica, Epsilonema spp., Euchromadora vulgaris, Tricoma spp., and Zalonema ditlevseni), but that most species were restricted to a single habitat. For instance, species of the subfamily Stilbonematinae (Eubostrichus hopperi, Leptonemella brevipharynx, and Stilbonema brevicolle) were found mostly in seagrass beds, while species of the families Oncholaimidae and Thoracostomopsidae (Enoplolaimus cf. regius, Meyersia major, Viscosia abyssorum, and V. glabra) were mostly present in bare sand. Coral rubble was characterized by species of the family Chromadoridae (Chromadora brevipapillata, Dichromadora amphidiscoides, Euchromadora gaulica, E. vulgaris, and Spilophorella paradoxa) and algal turf was characterized by species belonging to the families Desmoscolecidae (Desmoscolex spp.), Linhomoeidae (Linhomoeus elongatus), Enchelidiidae (Symplocostoma tenuicolle and Calyptronema acuminatum), and Phanodermatidae (Phanoderma serratum) (Supplementary data S3).
Discussion
There are few studies covering the diversity and abundance of macro-and meiobenthos at the same time in coral reef Fig. 4 Nematode assemblages. a Species richness (SR) (α-diversity) of free-living nematodes as assessed by the sample-based rarefaction method for 400 individuals in four habitats and two sites. b Diversity differentiation between habitats (β-diversity) of free-living nematodes assessed by the complement of the Bray-Curtis similarity index. c β-diversity portrayed in a non-metric multidimensional scaling (nMDS) ordination of samples coded by habitat habitats. This also extends to nematode assemblages which are poorly known in the Caribbean (but see Gobin and Warwick 2006; Gobin 2007; Armenteros et al. 2009 ). Therefore, the present study offers relevant data about the abundance and diversity of metazoan benthic communities in the coral reefs. However, we suggest caution for the comparison of abundance values originated from different sampling devices because these values could be biased. For instance, the collection of standard samples of coral pieces in coral rubble piles suffer from inaccuracy due to different sizes of coral fragments. Our results have shown different diversity patterns between macro-and meiobenthos across the coral reef habitats and sites. This can be explained by a different set of ecological controls (e.g., hydrodynamic and grain size) and evolutionary pressures on the communities (Netto et al. 1999a, b) . We also reveal the influence of the spatial scale on diversity and the values of α-, β-, and γ-diversities of nematode assemblages in the coral reef.
Macrobenthos
The composition of the macrobenthic communities found in Punta Francés reef agreed with other studies in coral reef habitats (e.g., Riddle 1988; Frouin and Hutchings 2001) . Ostracods and polychaetes were the most abundant taxa in the Punta Francés reef system (this study and Armenteros et al. 2012) . Polychaetes have been the most common and important taxon in terms of abundance and diversity in most studies of macrobenthos (Gray and Elliott 2009) . Ostracods are particularly abundant in coarse coralline sands (Alongi 1989) and their abundance may also be enhanced by reproductive outbreaks occurring in summer (Hull 1997) . However, these taxa are not the most important in terms of abundance everywhere. For instance, oligochaetes and nematodes dominated the macrobenthic assemblages in Rocas Atoll, NE Brazil (Netto et al. 1999b ); polychaetes and crustaceans were dominant in the Great Barrier Reef (Riddle 1988) and NW Philippines (Nacorda and Yap 1996) ; and polychaetes and mollusks in Tahiti reefs (French Polynesia; Frouin and Hutchings 2001) .
The habitat type had a major influence on the structure of macrobenthic communities (Riddle 1988) . In the present study, coral rubble and algal turf had the highest density and diversity of macrobenthic organisms, probably because of a combination of greater food availability (e.g., epilithic algae) and higher habitat heterogeneity that reduced competition and predation (Klumpp et al. 1988) . However, there were notable differences in macrobenthos between sites in the reef, probably as a result of differential larval supply and wave exposure (Frouin and Hutchings 2001) . The combination of type of habitat and geographical distance as drivers of macrobenthic communities has also been reported by Riddle (1988) .
Meiobenthos
Meiobenthos was more abundant and phyletically more diverse than macrobenthos (55,217 vs. 1467 individuals and 32 vs. 21 taxa, respectively) (Ansari and Parulekar 1994) . This finding reinforces the contribution of meiobenthos in terms of the number of individuals and phyla to the whole diversity of the coral reef habitats (Giere 2009 ). Our findings also highlight the contribution of the meiobenthos living in the coral degradation zone, represented here by rubble coral and bare sand, to the diversity of the coral reefs . The density of the meiobenthos was in the order of hundreds of individuals per 10 cm 2 , which is consistent with reports in other reefs (e.g., Guzmán et al. 1987; Gamenick and Giere 1994) . Nematodes often have had the highest proportion of total meiobenthos (Heip et al. 1985) ; however, in our study, they contributed to less than 50 %. The relatively welloxygenated sediments in every habitat of the coral reefs enhance the abundance of other taxa of crustaceans, such as copepods and ostracods (Ansari and Parulekar 1994; Pavlyuk and Trebukhova 2006; Armenteros et al. 2009 ).
The meiobenthos did not change appreciably according to habitat type. This may be explained by other factors overriding the effects of habitat type, namely hydrodynamics and influence of macrobenthos. A strong hydrodynamic regime has influence on the distribution of meiobenthos by an increase of the resuspension of organisms (Netto et al. 1999a; Semprucci et al. 2011) . Macrobenthos also affects the distribution of meiobenthos in coral reefs because of bioturbation and feeding activity (Hansen et al. 1987) . Indeed, algal turf habitat had the lowest density of meiobenthos, possibly because grazing pressure by epiphytic macrobenthos was particularly intense (Logan et al. 2008) .
Meiobenthos was less affected by the habitat type when compared to macrobenthos in terms of community structure. The smaller body size of meiobenthic animals enhances the resuspension and dispersal by water flows. Stochastic fluctuations in the abundance (ecological drift sensu Vellend 2010) are more pronounced in meiobenthos because they are several times more abundant than macrobenthos. Therefore, dispersal and ecological drift of meiobenthos, compared to macrobenthos, may weaken the environmental filtering by the habitat type. However, a much clearer association of the meiobenthos to the habitat type was observed at the species level.
Nematodes
In our study, species composition of nematode assemblages varied substantially when compared with studies from other geographical regions (e.g., Boucher 1997; Netto et al. 1999b; Semprucci et al. 2010) . However, species composition showed similarities to previous studies from the region (López-Cánovas and Lalana 2001; de Jesús-Navarrete 2007; Armenteros et al. 2012) . A plausible explanation is the restriction of the gene flow at large geographical scales that promotes differences in the composition between the regional pools of species (Derycke et al. 2013) .
The α-diversity of nematode assemblages changed notably between sites and habitats, probably reflecting the combined effects of hydrodynamic regime and habitat. Namely, the site Cabezo de Moya was more exposed to wave action than Punta Francés (pers. observation). The γ-diversity of nematodes (156 ± 4 species) for the reef was similar to other studies in coral reefs (e.g., Semprucci et al. 2010 ). The nematode assemblages had low evenness, with few dominant species and several doubleton and singleton species typical of hyperdiverse assemblages .
Nematodes had higher contribution to the total abundance than other meiobenthic groups in seagrass bed and bare sand. This was probably because these habitats provide a more suitable interstitial space than coral rubble and algal turf. Nematodes are particularly well adapted to the small void space in sediments when compared to copepods and ostracods, which require larger void space (Heip et al. 1985; Giere 2009 ). Sediment properties such as grain size, porosity, and carbon content are important controls of nematode assemblages (Alongi 1986; Semprucci et al. 2011) . These properties may explain the differences found in our study between the soft sediment habitats. Particularly, the plant canopy in seagrass beds could protect nematodes from reworking by currents and could provide a greater amount of detritus, enhancing meiobenthic communities (Hall and Bell 1993; Ansari and Parulekar 1994) .
In the present study, few eurytopic nematode species were present in all reef habitats (e.g., Desmodora pontica and Tricoma spp.). Indeed, many species and even higher taxa, such as subfamilies and families, were restricted to single habitats, which increases the β-diversity by the strong structuring effect of the habitat type (Alongi 1986; De Troch et al. 2008) . The low percentages of shared species among habitats (20-34 %) supported the high β-diversity in coral reefs at the species level. The high β-diversity of nematode assemblages and the strong effect of habitat type have also been reported at the genus level (e.g., Raes et al. 2007 ).
The nematode taxa restricted to single habitats provide insight into the mechanisms maintaining the species turnover in the coral reef. For instance, species of the subfamily Stilbonematinae were restricted to seagrass beds. Their associated ectosymbiotic bacteria provide an advantage to cope with sulfide poisoning in this habitat, where bacterial oxidization of the accumulated detritus consumes the oxygen and produces sulfide (Ott et al. 2004 ). On the other hand, bare sand habitat was characterized by enoplid nematodes of the families Oncholaimidae (Semprucci et al. 2010) and Thoracostomopsidae.
Coral fragments pertaining to coral rubble habitat were covered by epilithic algae and subjected to physical stress by waving. These environmental features select for chromadorid nematodes that adapt well because of their robust body shape, ornamented cuticle, and epigrowth feeding on the epilithic algae (Raes et al. 2007; Semprucci et al. 2014) . Draconema spp. occurred only in coral rubble and were also well adapted to physical disturbance because they had adhesion setae that enhance locomotion and adhesion to the substrate (Heip et al. 1985; Netto et al. 1999b ).
The algal turf was characterized by large enoplid species reported as epiphytes on seaweeds (Pérez-García et al. 2015) and artificial substrates (Gobin 2007) . Examples of these species were Calyptronema acuminatum, Linhomoeus elongatus, Phanoderma serratum, and Symplocostoma tenuicolle. Indeed, most of these nematode species that substantially contributed to the abundance and diversity in algal turf belonged to the macrobenthic fraction (Netto et al. 1999b; Sharma et al. 2011) .
In summary, we have found different diversity patterns between macro-and meiobenthos across the coral reef habitats and sites. The habitat type is an important structuring driver of macro-and meiobenthic communities and nematode assemblages. The nematode species richness was high at both studied scales: α-diversity ranged from 31 to 83 species per habitat and γ-diversity for the whole reef was 156 ± 4 species. The β-diversity was large in the reef, with few shared species and presence of distinctive nematode assemblages adapted to the physical architecture and food availability of each habitat. Our results imply that the physical structure and heterogeneity of the coral reef habitats are important for maintaining the high diversity of small invertebrates, especially the richness and turnover species of nematodes.
